INTRODUCTION
When a macroscopically homogeneous material element is subjected to a su‹ciently low homogeneous stress applied to its boundary, homogeneous deformation occurs. As the deformation becomes larger, concentration of strain at a local zone within the element can occur because of the actual non-uniformity of mass density and stiŠness of the material, as shown in Fig. 1 . Failure of many engineering materials is characterized by the formation and propagation of zones of localized shear deformation. The most typical localized deformation observed in geo-materials is linear shear banding. Strain localization is caused by the imperfections inherent in the soil specimen, the boundary constraints, and nonuniform loading conditions (Hvorslev, 1960; Hill, 1962; Rudnicki and Rice, 1975; Rice, 1976 Yimsiri and Soga, 2002 ). Therefore, strain localization is considered to be a major factor, which controls the overall observed mechanical response of the specimen, at or near failure. Strain localization manifests in the form of a shear band, a narrow zone of intense straining (Jirasek, 2002; Lai et al., 2003; Lade, 2003) . Although, shear banding is one of the possible deformation modes, it is usually a precursor to catastrophic failure. The initial thickness of the localization band depends on the material's micro-structure. The transmission of micro-defects in the localization band leads to the formation of displacement discontinuity and stress-free crack at macro level. Although the localization theory is considered to be well established mathematically, very limited experimental data on geo-materials have been reported (Vardoulakis, 1980; Desrues et al., 1985; Finno et al., 1997; Lade and Wang, 2001 ), mainly because of the lack of experimental facilities to monitor the formation of the shear band and its orientation.
Previous investigations reported that the non-uniformity of stress state and deformation mode along the height of a specimen due to testing conditions can be avoided by the use of lubricated end platens in triaxial testing system (Rowe and Barden, 1964 ; Barden and McDermott, 1965; Sarsby et al., 1982) . It is now well known that the strain non-uniformity due to the end restraint and the strain localization due to shear banding are essentially diŠerent in mechanism, but confusion still exists on the role of end-restraint on the initiation and propagation of shear banding. In the past literature, it was common to assume that triaxial experiments with lubricated ends on the specimens with slenderness ratio 1 (height W diameter＝1) provide a more stable geometry and much greater uniformity of stress and deformation throughout the test, and allow the specimen to retain its cylindrical shape even at large strains. In the current research, all the experiments were performed on soil specimen with slenderness ratio 1 using a triaxial testing setup with lubricated ends; thus non-uniform deformations due to end restraints was assumed negligible throughout the study. The focus of this study is to evaluate the strain localization within specimen ofˆne grained cohesive soil (clay) due to the actual non-uniformity of soil mass and stiŠness of the material (not due to the end restraints) at diŠerent testing conditions.
It is important to note that clay specimens used in the current research were macroscopically homogeneous material before their shear deformation. If the stress and strain states were interpreted at the stage of shear band formation ignoring the fact that the strain localization would have already taken place, the interpreted stress and strain would be inaccurate. Lin and Penumadu (2005) studied the strain localization patterns of hollow cylindrical specimens sheared under combined axialtorsional loading conditions using digital image analysis (DIA) technique. They developed an experimental setup for DIA technique, a procedure for digital data processing, and a program for data interpolation; which was used in this study to produce the strain contour plots and study the initiation and propagation of strain localization within the specimen. This DIA technique was used in the current research for evaluating the impact of conˆning pressure, loading conditions, stress history, drainage conditions, and soil's microfabric on the strain localization aspect for solid cylindrical specimens of Kaolin clay.
PREVIOUS INVESTIGATION
The localization theory is recognized to be a mathematically well established concept for many years; however, only a few experimental studies including Rice and Rudnicki (1980) , Vardoulakis (1980) , Desrues et al. (1985) , Finno et al. (1997) , Lade and Wang (2001) , have been performed using geo-materials. Hvorslev (1960) observed shear bands and W or post failure bulging in a series of unconˆned compression tests on clay specimens, and reported that the degree of non-uniformity at large strains was much larger than theoretically expected nonuniformity due to the in‰uence of frictional end restraint. Hill (1962) gave a general formulation for shear bands in elasto-plastic material using the concept of acceleration wave in the context of a boundary value problem. Rudnicki and Rice (1975) , and Rice (1976) proposed criterion for formation of shear band and critical orientation of shear band, considering a non-associated ‰ow rule. Based on Rice's work, the general principles of localization of deformation into shear strain band were well established, and they were applied to investigate the thin shear band type localization (Peters et al., 1988; Bardet, 1990; Bigoni and Heueckel, 1991; Szabo, 2000; Lade and Wang, 2001; Heueckel, 2002) . The most typical localized deformation observed in geo-materials is linear shear banding.
Most of the previous experimental studies on strain localization were dependent on the visual observations from the deformation proˆle of the specimens. During previous investigation using triaxial testing, this phenomenon was not studied in depth due to the lack of proper techniques for quantifying the local strains with a reasonable degree of accuracy. Recent developments in digital image analysis (DIA), to some extent, allows for the capturing and studying local deformations within the specimen as a function of global deformations. In this study, many triaxial tests were performed to study the variation in strain localization and pattern of shear banding within the clay specimens with respect to the change in stress history of clay (normally consolidated and heavily overconsolidated), microfabric of clay specimens (dispersed and ‰occulated), drainage conditions during shearing (drained and undrained), the type of deviatoric loading (compression and extension), and for varying levels of eŠective conˆning stress. Particle association in clay suspensions can be described in the form of dispersed and ‰occulated microfabric. Flocculated microfabric refers to the platelets (or particles) that are oriented in all possible directions; whereas, dispersed microfabric refers to the platelets that are aligned in a preferential direction (Sachan and Penumadu, 2006a) .
During the deformation process, a digital image analysis (DIA) was used to monitor the overall specimen uniformity, potential initiation of localization, and to quantify the specimen dimensions. Digitized data were obtained from digital images to perform the calculations for local deformation and strain proˆle, which also facilitated the analysis for strain localization. Digital imaging technique was used in this research for all triaxial experiments to study the evolution of shear bands with respect to the specimen and loading W boundary conditions, which is important for evaluating constitutive behavior of cohesive soil.
EXPERIMENTAL PROGRAM
In this study, solid cylindrical specimens of Kaolin clay (LL＝62z, PI＝30z, Gs＝2.63) were prepared by using the 1-D slurry consolidation method, which allowed only vertical drainage at top and bottom of the specimen (Penumadu et al., 1998) . Specimens with ‰occulated microfabric were obtained by mixing powdered Kaolin clay with de-aired and de-ionized water at a water content of 155z, and then consolidating the slurry under K0 condition at 207 kPa vertical stress in a slurry consolidometer (207 kPa pressure was applied in one step). The dispersed microfabric specimens were obtained by using the same procedure and by adding 2z dispersant (Calgon) in the clay slurry of 155z water content. Clay specimen with ‰occulated microfabric was obtained after 24 hours of consolidation; whereas, the dispersed specimen was obtained after 330 hours of consolidation (Sachan and Penumadu, 2006a) . The diameter (D ) and height (H ) of all the slurry consolidated specimens (dispersed, ‰occulated) was obtained to be 102 mm (H＝ D＝102 mm; slenderness ratio＝1). Initially these specimens were isotropically consolidated under 207 kPa W 276 kPa W 345 kPa of eŠective conˆning pressure. After isotropic consolidation, the specimens were sheared under compression and extension loading conditions using lubricated end triaxial testing device developed for this study, and the measured data were recorded on a computer using a data acquisition system. The stressstrain relationships and stress paths for Kaolin clay for all the tests are presented in Fig. 2 . The Lubricated end triaxial testing setup used in this study had a strain controlled loading frame, which was capable of applying compression W extension loads on soil specimen at desired axial strain rate under diŠerent loading W boundary conditions; thus the global axial strain (eg) was directly obtained using global displacements measured from LVDT data for the entire height of the specimen. The other information about this lubricated end triaxial setup and its testing procedure could be obtained from Sachan and Penumadu (2006b) . Lubricated ends require smooth and polished end platens containing radial drainage ports at their outer surface. Porous plastic strip is extended circumferentially covering all radial drainage ports completely for achieving``good'' drainage conditions within the testing system (Sachan and Penumadu, 2006b ). In order to prepare the lubricated end platens for testing the clay specimens, the end platens are cleaned thoroughly, a thin layer of high vacuum grease is spread uniformly over each platen, and a circular piece of latex membrane is then laid on to the grease and pressed in such a way as to minimize the amount of entrapped air. A circular piece ofˆlter paper, with much larger diameter than the platen is placed on top of the latex membrane in a way that theˆlter paper completely covers the porous plastic strip on the sides of the platens. If excess pore pressure generation is achieved to be zero during drained testing, drainage conditions of that lubricated end triaxial system are considered to bè`g ood'' drainage conditions. The other information related to all drained and undrained triaxial tests performed in this study are summarized in Table 1 ; which includes axial strain rate for diŠerent tests, void ratio before shear deformation (ebs), specimen size before shear deformation (Hbs, Dbs), peak shear stress (sp) and failure location (ep) of each test.
DIGITAL IMAGE ANALYSIS (DIA)
To address the strain localization and its impact on the interpretation of test results, the deformation and strain components at various locations of a deforming specimen are needed. However, direct measurement of deformation at various locations along the height of a specimen is a di‹cult experimental task. In the present study, digital image analysis (DIA) was used to evaluate the strain localization in the solid cylindrical Kaolin clay specimens sheared by using lubricated end triaxial testing setup, as shown in Fig. 3 . Digital imaging technique in this study uses a latex membrane (thickness 0.3 mm) with dots marked in a grid pattern. Grid points were spaced approximately 10 mm apart, as shown in Fig. 3(a) . The latex membrane was placed over the cylindrical specimen used for triaxial testing, which was conˆned in a cast-acrylic cylinderˆlled with water. The dots on the specimen were tracked using high resolution digital images. To obtain the digital images of triaxial specimens, a Digital camera (Kodak DC 290 } ) with approximately 2.1-million pixel resolution (1792 H: 1200V) was placed at 562 mm distance from the outer wall of cell, as shown in Fig. 3(a) . The digital camera was mounted on a two-axis controller, which allowed for precisely adjusting camera position in two directions. Images were then downloaded in to a personal computer, and Image-ProPlus 4.1 software was used to measure the co-ordinates of the points (dots made on the latex membrane placed on the clay specimen). The accuracy of measurement was 0.2 mm in vertical direction and 0.3 mm in circumferential direction. A soft light (Lowell Softlite 2 } ) was used to provide uniform illumination of the triaxial specimen and signiˆcantly reduced shadows in the digital images. After nding the co-ordinates of the points on the specimen by using Image-Pro-Plus 4.1 software, the co-ordinates were then used to get the shear band information by using a contour plot program made in programming language MAPLE (Lin, 2003) .
Using image analysis software (ImagePro Plus } ), the distance between the specimen edges and the image edges were measured in terms of pixels. If these distances were not equal, then the camera was repositioned using the horizontal adjustment. The process was repeated until both distances are equal. The vertical position adjustment was used to bring the entire specimen into theˆeld of view. The second horizontal adjustment was perpendicular to the image plane. This adjustment was also used to ensure that complete specimen was in view and also for accurate camera calibration. The camera was calibrated to determine the true horizontal and vertical positions on the specimen surface from digital images as a function of distance to image plane. A ‰at plate with grid points spaced exactly 10 mm apart was used to calibrate the camera. This plate wasˆxed to the bottom end platen inside the triaxial cell, and images were obtained while varying the distance between the camera and the front of the ‰at plate using the horizontal controller of the camera normal to the image plane. Using image analysis software, the observed distance between any two points can be measured in units of pixels. The camera calibration factor was calculated from the observed distance, in pixels, and the known value, in mm. Average calibration factors, one for the horizontal and one for the vertical direction, were calculated for each image based on repeated observations. The average calibration factor as a function of the distance between the camera and the image plane (corresponding to the front of the ‰at plate) was obtained, as shown in Fig. 3(c) .
During the triaxial test, the specimen was conˆned in a cast-acrylic cylinderˆlled with water, as shown in Fig. 3(b) . The presence of conˆning cylinder and water around the specimen in a triaxial cell caused multiple refractions of light rays to occur, which needed to be accounted in the analysis of digital images. Light rays bend, or refract, as they travel through media of diŠering indices of refraction, which can magnify or reduce the observed size of the target object being analyzed. In triaxial testing, the refraction of light will cause the specimen to appear enlarged. Therefore, corrections must be applied to the data obtained from digital images (Fig. 3(b) ) in order to determine true specimen dimensions and grid point positions. By incorporating Snell's law of refraction, a 2-D correction model (Parker, 1987; Lin and Penumadu, 2005 ) was developed to describe the relationship between the observed and actual specimen measurements. This model was used in this study to obtain the true position and displacement of tracking dots on the surface of cylindrical specimens. Macari et al. (1997) also used a similar technique for measuring volume changes in triaxial testing.
EVOLUTION OF SHEAR BAND
Using the data from digital images, the strain components of a point on the soil specimen were calculated based on the formulation developed by Lin (2003) . The contour plots were developed to illustrate the strainˆeld, which facilitated the visualization of the potential for the occurrence of strain localization. In a contour plot of soil specimen, such as those shown in Fig. 4 , the vertical strain on the surface of the specimen is displayed and the intensity of color at certain point of the plot represents the magnitude of corresponding axial strain. It should be noted that the X-coordinate of a contour plot is essentially the circumferential coordinate, so that the cylindrical surface of the specimen can be visualized in a planar manner. The contour lines connect the points that share the same value of strain. It is more meaningful to read the pattern of a whole contour plot rather than focusing on a single point in a contour plot. Figure 4 shows the deformation proˆle of Kaolin clay specimen sheared under triaxial compression loading conditions at the conˆning pressure of 207 kPa, which includes the images of specimen and corresponding local-straincontour plots at diŠerent global axial strain values. Visual inspection of the images of specimen during shear deformation can help in identifying non-uniformity of deformation within the specimen but only when the nonuniformities are large enough in magnitude. An advanced technique such as DIA used in this research is required to measure the variation of local strains more precisely and study small magnitude of deformation that could lead to the development of shear band type formations within the specimen. As shown in Fig. 4 , the images of clay specimen at 6z, 11z and 14z global axial strain did not exhibit a signiˆcant variation in the local deformation pattern by visual inspection through naked eye. After processing these images using DIA technique, the corresponding local strain contour plots indicated the formation of strong localized deformation zones at high strain levels. It is important to note that the accuracy of measuring displacements using DIA system was 0.2 mm in the vertical direction. The calculations of local strains were based on an element with maximum vertical dimension of approximately 10 mm; therefore, the accuracy of measurement was ±2z for obtaining local axial strain. The contour plot at 6z global axial strain (Fig. 4(a) ) showed distribution of local vertical strains within the accuracy range, which can be used to infer that within the constraints of the measurement system, the deformation was relatively uniform until the global axial strain reached 6z. Shear band with practically constant inclination emerged at 11z global axial strain and became more signiˆcant as the global axial strain increased. The shear band was observed to be fully developed at 14z global axial strain, as shown by the contours of two local zones (Zone A and Zone B) in Fig. 4(c) . Zone A shows a much smaller values of local axial strains (8-10z) in comparison to Zone B (14-16z). The contour lines are very dense in the Zone B as compared to Zone A, which implies a dramatic transition of the axial strain values. Therefore, the zone of intense straining (such as Zone B) can be regarded as a shear band with an approximately constant inclination. It should be noted that the local strains in the shear bands could be much higher than what is depicted by the contour plots. This is because the shear bands were much thinner than the distance between nodes of measurements (approximately 10 mm grid) causing an averaging eŠect in deforming local strain values.
In Fig. 4(c) , the Zone C represents a part of another shear band, which is approximately parallel to the shear band in Zone B. For local strain analysis, the images taken during shear deformation covered approximately 1 W 3 of the perimeter of specimen. At the end of shearing, the specimens were extruded from the triaxial cell and then visually inspected to evaluate the continuity and inclination of shear bands around the specimen. Figure 5 shows images of the specimens extruded after shearing under triaxial compression and extension stress paths. These images were taken from four orthogonal directions to completely observe the outer surface of specimen (front, rear, right, and left views). As shown in Fig. 5 , the inclinations of all the thin shear band formations in a sheared specimen were observed to be identical, and it was true for both compression and extension tests. The specimens were also observed to have additional zones of localized deformations as can be seen in Fig. 5 . The stress-strain relationship for triaxial compression test on Kaolin clay specimen with ‰occulated microfabric exhibited the peak shear stress location at approximately 11z axial strain (ep), as shown in Fig. 2(a) . It is important to note that small amount of localized deformations were observed before 11z axial strain, and the degree of localization increased as the shearing process continued. However, a clear shear band type formation was observed starting at a global axial strain of 11z. It could be reasonable to interpret that strain localization initiated at peak shear stress location, and the failure planes in the form of signiˆcant shear bands were developed in the post-peak response. Peak shear stress (sp) is the maximum value of deviator stress experienced by the soil specimen during its shear deformation. The axial strain (global) at peak shear stress location (ep) is termed as the``failure'' of specimen in the current study. Stress paths (Figs. 2(c) and 2(d) ) showed clearly the failure point of each test, which represents the peak shear stress level. In the current research, formation of shear banding was explained as the stage where the diŠerence in maximum local axial strain (em) experienced by the soil specimen and global axial strain (e g ) applied on the specimen by loading frame was more than 4z. For example; the diŠerence in em and eg for Test 1 was 1z in Fig. 4(b) (initiation of shear banding; eg＝11z, em＝12z) and 4z in Fig. 4(c) (formation of shear banding; eg＝14z, em＝  18z) . Thus, the global axial strain at the stage of shear band formation (eSB) was observed to be 14z for Test 1.
It should be noted that the observed inclination of the shear band in the contour plots (Fig. 6) was not the true inclination of the shear band in the 3-D space. Figure 6 illustrates the conversion from the observed inclination to the true inclination of shear band with the 3-D view ( Fig. 6(a) ), front view ( Fig. 6(b) ) and top view (Fig. 6(c) ). Assuming a shear band (an ellipse containing points i, j, k, and l ) cut through the cylindrical specimen during a test, the true inclination should be the angle c (Fig. 6(a) ), which is the angle between the vertical direction (major principal stress direction) and the shear band plane. Angle c can be calculated by using Eq. (1):
where d is the outer diameter of the specimen and H is the vertical distance between point i and m (or l ). Since points i, j, k, and l are in the plane of the shear band, the following relationship holds:
where h is the vertical distance between points j and k, and Ajk is the arc length between points j and k in Fig. 6(c) . The contour plots in Fig. 4 shows essentially the inner dashed rectangle in Fig. 6(b) . Therefore, both h and Ajk can be read from the contour plots. Equation (1) can be rewritten as Eq. (3), which is independent of the specimen diameter:
The value of true inclination angle (c) for diŠerent triaxial tests performed on cylindrical specimens of Kaolin clay are given in Table 1 . Table 1 summarizes the information related to orientation of shear band formation within the specimens during a series of triaxial tests performed under diŠerent loading W boundary conditions. The contour plots of local j 
DISCUSSION ON LOCAL STRAIN ANALYSIS

Strain Localization Patterns of Clay Specimens Sheared under Undrained Conditions
The undrained triaxial compression tests were performed on NC clay specimens with ‰occulated microfabric at the conˆning pressures sc ? of 207, 276 and 345 kPa to study the impact of conˆning pressure on strain localization patterns of Kaolin clay. The eŠect of anisotropic loading conditions and specimen's stress history were also studied by performing an undrained triaxial extension test on NC clay specimen at sc ?＝276 kPa and compression test on HOC clay specimen (OCR＝10) at sc ?＝28 kPa. The contour plots of local strain measurements during triaxial compression test at sc ?＝207 kPa were discussed earlier, as shown in Fig. 4 . Similar contour plots for the other individual tests are shown in the Fig. 7 to 10 . (Fig. 4(c) and 7(b)), and at 14.8z global axial strain for sc ?＝345 kPa (Fig. 8(b) ). For all the three cases, strain localization was observed to be initiated for stress state corresponding to the occurrence of peak shear stress in the stress-strain plot (Fig. 2) . The intensity of strain localization was observed to be much stronger for higher conˆning stresses exhibiting an increase in the value of maximum local axial strain (18-20z) experienced by the specimen with the increase in conˆning pressure (207-345 kPa). A trend of increasing c angle was observed with the increase in conˆning pressure, which varied from c＝31 to 399for the variation in conˆning pressure from 207 to 345 kPa, as listed in Table 1 .
EŠect of External Loading Conditions
Contour plots for compression and extension stress paths (Figs. 7 and 9) showed that local deformation was uniformly distributed up to 6z global axial strain for both the loading conditions. Small zones of localized deformation were observed within the clay specimen after 6z of global axial strain and were connected with each other in the process of further shear deformation. Strain localizations in the form of shear bands were observed to occur at the peak value of stress-strain curve, as shown in Fig. 2 . It is thus reasonable to interpret the state of stress and strain from measured external load and displacement assuming a uniform state of deformation up to an axial strain value of 11z for compression stress path and of 11.5z for extension. The shear band formation was observed to be fully developed at a global axial strain of 14z for compression, and 13z for extension testing. A signiˆcant diŠerence was noticed between the values of maximum local axial strain (em) for compression (19z) and extension tests (26z), which indicated that the strain localization was much stronger in the specimen subjected to extension stress path. The orientation of shear band (c) was observed to be signiˆcantly higher for compression loading (369 ) in comparison to extension loading (319 ), as listed in Table 1 . The reason could be attributed to the rotation of major principal stress by 909from vertical to horizontal direction. During extension shearing, the specimen tends to have a smaller cross-sectional area (necking) at the middle of the clay specimen compared to the area at top and bottom of the specimen (Fig. 9(b) ). The necking of specimen induced by the extension loading conditions could also in‰uence the inclination of shear bands, which was not an issue for compression loading.
EŠect of Stress History of Clay Specimen
For the HOC specimen, the global axial strain (eg) corresponding to uniform distribution of strains (eg＝ 6z), initiation of shear banding (eg＝11z), and fully developed shear band (eg＝14z) were the same as those for NC specimen. They also shared the same value of Table 1 .
EŠect of Drainage Conditions
The impact of drainage conditions on strain localization behavior of clay specimens was studied by repeating the triaxial compression test on NC clay specimen of Kaolin clay with ‰occulated microfabric at the conˆning stress of 276 kPa, and by allowing free drainage during the shearing stage of repeated test. The contour plots of local strain measurements during drained compression test are shown in Fig. 11 . The distribution of local axial strain was observed to be uniform until 6z global axial strain for undrained shearing and 13z for drained shearing (Figs. 7 and 11) . As discussed earlier, the undrained triaxial compression showed clear evidence of shear bands within the specimen at 14z global axial strain (eSB). During drained triaxial compression test, the specimen did not show linear shear band type localized deformation mode as observed during undrained testing; however, it was observed to have many small zones of highly localized deformations at 26z of global axial strain. The reason could be attributed to the diŠerent modes of instability causing strain localization for varying drainage conditions. During undrained shearing, the instability caused by pore pressure evolution could play an important role in the development of shear band type formations within the specimen, which apparently did not occur under free drainage conditions during drained testing.
EŠect of Microfabric
In this research, two extreme microfabrics of Kaolin clay were used to study the eŠect of microfabric on strain localization behavior of soil. The results of triaxial compression test on Kaolin clay specimens with ‰occulated microfabric at sc ?＝276 kPa were discussed earlier (Fig. 7) . The same test was repeated using the Kaolin clay specimen with dispersed microfabric, and the corresponding contour plots of local axial strain measurements are shown in Fig. 12 . The distribution of local strains was observed to be uniform until 6z global axial strain for ‰occulated microfabric and 4z for dispersed microfabric. The initiation of shear banding was observed at 9 and 11z global strain for dispersed and ‰occulated microfabric respectively. The shear band type formation was observed at much lower strain levels for dispersed microfabric (eSB＝11z) in comparison to ‰occulated microfabric (eSB＝14z), which indicated a higher possibility of sudden failure in Kaolin clay with dispersed microfabric. As shown in Fig. 2 , the peak shear stress was observed at a global axial strain of 11.5z for ‰occulated microfabric and 10.9z for dispersed microfabric. Unlike the response of ‰occulated microfabric specimen, the specimen with dispersed microfabric showed a clear formation of shear band at peak shear stress followed by a sudden failure response. A notable diŠerence in c value was observed for ‰occu-lated (369 ) and dispersed (339 ) microfabric, as listed in Table 1 .
CONCLUSIONS
A series of triaxial tests were performed on solid cylindrical specimens ofˆne grained cohesive soils (clay), and a technique with digital image analysis (DIA) was used to evaluate the initiation and propagation of strain localization within the clay specimen due to actual nonuniformity of soil mass density and stiŠness of the material at diŠerent testing conditions. In the current study, lubricated end platens were used to perform triaxial tests, which signiˆcantly reduced the friction at specimen's ends; thus non-uniform deformations due to end restraints were assumed to be negligible throughout this study. The impact of conˆning stress, loading conditions, stress history, drainage conditions, and soil's microfabric on the strain localization patterns and shear band orientation was discussed with the following key observations. 1) Impact of Conˆning Stress: A clear formation of shear banding was observed at the same strain levels for all values of conˆning stresses. Much stronger strain localization and a larger value of the orientation angle of shear band were observed for higher value of conˆning stress. 2) Impact of Loading Conditions: Strain localization was observed to be much stronger for extension loading conditions in comparison to compression.
The value of orientation angle of shear band was estimated to be smaller for extension shearing than the compression shearing. 3) Impact of Stress History: Strain localization pattern, shear band formation, and the orientation of shear band were observed to be the same for both the NC and HOC specimens of the Kaolin clay indicating no signiˆcant impact of stress history. 4) Impact of Drainage Conditions: The drained testing did not show the linear shear band type formations as observed for undrained testing. 5) Impact of Microfabric: Dispersed microfabric showed the shear band formations at lower strain levels in comparison to ‰occulated microfabric. A notable diŠerence in the orientation angle of shear bands was obtained for both the microfabrics.
